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Radicular resorption has been defined

as a physiological process that drives

active remodelling of the cementum

and dentine (1). In contrast, we refer to

radicular resorption in permanent

teeth to describe a pathological process

with clinical and radiological manifes-

tations that produce destruction of the

tooth root (2). In healthy permanent

teeth, resorption is superficial, painless

and discontinuous, and repairs rapidly.

It is most frequently located in the

apical third (3–5). Radicular resorption

and reduction in reparative capacity

are related to severity of periodontal

disease (5), but also affect healthy teeth

subjected to excessive forces, such as

those that occur during orthodontic

treatment. Orthodontic forces applied

produce an inflammatory process that

favours tooth movement within the

alveolus (4,6); the magnitude, duration

and type of applied force can cause

resorption of the hard tissue and root

shortening (1,6–9). The periodontal

ligament is an absolute requirement for

remodelling the alveolar bone when

physical forces are applied to teeth

(10). Physiological loading or ortho-

dontically induced tooth movements

involve remodelling of the periodontal

tissue, and an equilibrium exists

between the resorption and the for-

mation of cementum.

In teeth with reduced support,

implying alteration of the ligament, as

occurs in periodontal disease, the stress

during mastication becomes excessive.

When this combines with an increased

movement of the tooth in the alveolus,

it brings about an alteration in the

balance of the relation between
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MA. Correlation between occlusal contact and root resorption in teeth with

periodontal disease. J Periodont Res 2011; 46: 82–88. � 2010 John Wiley &

Sons A/S

Background and Objective: The present study was designed to investigate the

influence of occlusal forces on radicular resorption in teeth with periodontal

disease. The occlusal forces are a cause in the aggravation of the periodontal

disease and therefore influences in the increase the extension and the depth of the

radicular resorption.

Material and Methods: We quantified radicular resorption, its extension across the

radicular surface and its depth, in 88 teeth with periodontal disease with and

without occlusal contact, pertaining to patients between 43 and 91 years of age. A

histological method was used to obtain 6-lm-thick sections. The sections were

observed under an Olympus BX40 optical microscope and processed by an image

analysis program. Measurements of length and area were used to calculate the

percentages of surface and volume of cement reabsorbed.

Results: In both groups presenting periodontal pathology (groups 2 and 3) the

percentages of the surface and volume of reabsorbed cement were greater in those

teeth with antagonist contact. The greatest percentages of radicular resorption

were observed in teeth of group 3 showing antagonism.

Conclusion: The severity of periodontal disease increases the extension and the

depth of the radicular resorption, and the presence of antagonist forces aggravates

the resorption.
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resorption and formation of cemen-

tum. We maintain that this aggravates

the destruction of the radicular cement.

The aim of the present study was to

investigate the influence of occlusal

forces on the radicular resorption in

teeth with periodontal disease. The

study therefore aimed to quantify the

radicular resorption in teeth with and

without occlusal contact.

Material and methods

For this study, eighty-eight teeth (43

premolars and 45 molars) with peri-

odontal disease were used. A clinical

history was obtained prior to extrac-

tion, and medically compromised

patients were excluded from the study.

Patients who had received periodontal

treatment or those with signs of pul-

par disease were also excluded from

the study. The patients received writ-

ten and oral information on the study.

Informed consent was obtained from

each patient after explaining the pro-

cedures.

Before tooth extraction, a periapical

radiograph was taken using intraoral

radiographic equipment (65 kV).

Probing depth and attachment loss

were measured and compared with

radiographs. All teeth showed an

insertion loss (line distance from the

cemento-enamel junction to the bot-

tom of the pocket) of a least 4 mm at

any place, a degree of mobility Grade

II and bleeding on probing. Teeth were

divided into the following two groups

according to previously established

radiographic criteria (5,17): group 2,

teeth with bone loss between one- and

two-thirds of the normal alveolar

height; and group 3, teeth with bone

loss greater than two-thirds of the

normal alveolar height. In group 2

(n = 30), 14 teeth presented with

antagonist contact, while in group 3

(n = 58), 30 teeth presented with

occlusal contact.

Previous studies have shown (5) that

histological changes, specifically root

resorption, in teeth with periodontal

disease group 1 were repaired. There-

fore, extraction of a group 1 tooth

would not be justified in clinical

practice. This is why we decided to

analyse only teeth which could be

included in groups 2 and 3 in order to

investigate the influence of antagonis-

tic forces on the aggravation of radical

resorption in teeth with periodontal

disease.

After the teeth had been extracted,

they were washed in phosphate-buf-

fered saline solution and fixed in 4%

buffered formaldehyde for 48 h, after

which they were decalcified in Osteo-

dec (Bio.optic) for 20–30 d. Each tooth

was then sectioned into two halves in

the mesiodistal direction, dehydrated

in alcohol, and then cleansed in toluene

and embedded in paraffin. Serial sec-

tions of 6 lm thickness were obtained

and collected on slides; five sections per

slide, and 20 slides for half a tooth (40

slides per tooth). The sections were

stained with haematoxylin and eosin

and Mason�s trichrome. An average of

200 sections (1200 lm per tooth) were

analysed with an Olympus Bx40

microscope. One in every three sections

was photographed (400 lm per tooth)

with an Olympus DP 10 camera con-

nected to the microscope. The image

was then analysed with a software

program (MICRO IMAGE 3.0., Hamburgo,

Alemania).

Morphometric study

Resorption was measured in sections in

which the root is observed in all his

length. In biradicular premolars, buc-

cal and palatal roots were measured; in

superior molars, mesiobuccal roots,

distobuccal and palatine roots were

measured; and in lower molars, mesial

and distal roots were measured. In the

sections observed with the Olympus

Bx40 microscope, the superior limit of

the cementum was marked on the

coverslip to measure the total length of

the root of every tooth and the total

area of the root. Subsequently, four

independent measurements were taken

using the computer program; the

length and surface area in micrometres

of the total of the radicular cementum

and of cementum resorption. The data

were grouped and then entered into a

Microsoft Excel table. Figures 1 and 2

show examples of mathematical calcu-

lations performed to obtain the per-

centages of surface and volume of

cementum resorbed.

Statistical analysis

The measurements of the surface and

volume reabsorbed are presented with

the mean values and respective stan-

dard deviations. T-Student was used to

compare the measurements between

the two different groups, and ANOVA

was used for comparisons of more than

two groups. Bonferroni methodology

was also used for subsequent compar-

isons. In all cases, a result was con-

sidered significant where p < 0.05.
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Fig. 1. Resorption in the middle third of the root of a premolar in group 2 shown in several

serial sections (1,3,6,9). (Magnification ·10). RL (average length) = R1+R2+R3+R4 / 4 ;

TL (total length) ;snr (sections number with resorption); in the example, snr = 9 ; RS

(reabsorbed surface) = LR X snr X 6 lm; sn (sections number) = 200 ± 20; TS (total root

surface) = TL (total length) X sn X 6 lm; % RS = RS / TS x 100.
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Results

Radicular resorption was found in all

the teeth studied. Teeth with peri-

odontal disease in group 3 showed

significantly higher values both for

surface (p = 0.036) and volume

resorption (p = 0.009) than teeth with

periodontal disease in group 2 (Figs 3

and 4 and Table 1).

The percentage of reabsorbed sur-

face and volume was significantly

greater in teeth which showed an

antagonist compared with teeth with-

out any antagonist (p = 0.009 and

p = 0.003, respectively; Figs 5 and 6

and Table 2).

We find the highest percentage of

reabsorbed surface and volume in teeth

with an antagonist and group 3 peri-

odontal disease.

In teeth presenting with an antago-

nist, those with group 3 periodontal

disease showed a higher value than

those in group 2; this difference was

only significant in the percentages of

reabsorbed volume (p = 0.032).

In teeth without an antagonist, those

showing group 3 periodontal disease

also presented higher percentages of

surface and volume compared with

group 2, but these differences were not

significant.

When the four groups were com-

pared together, there was a significant

difference in the percentages of reab-

sorbed surface in teeth with an antag-

onist and showing group 3 periodontal

disease, in contrast to those teeth

without anantagonist both in group 3

(p = 0.031) and in group 2 (p =

0.038). The percentages of reabsorbed

volume showed a significant difference

between teeth with an antagonist and

group 3 periodontal disease compared

with the other teeth; i.e. when com-

pared with those showing an antago-

nist and group 2 disease ((p = 0.032),

when compared with teeth without an

antagonist in periodontal disease

group 2 (p = 0.011), and finally in

comparison with teeth without an

antagonist and with group 3 peri-

odontal disease: (p = 0.002; Figs 7–9

and Tables 3 and 4).

Discussion

The majority of the literature about

radicular resorption in the permanent

teeth relates to orthodontic cases.

Studies regarding the presence of

resorption in teeth with adult peri-

odontitis are few (5,11–17).

Molar and premolar teeth were

selected for use in the present study. In

human dentition, the molars and pre-

molars do the most of the masticatory

work, but are helped by the canines.

However, as the canines do not possess

such a large an occlusal surface as the

molars they participate less in masti-

cation (18). Both in these theoretical

models and in experiments in vivo, the

impact of the forces of mastication is

larger in the posterior sector, interme-

diate in the canines and smaller in the

incisors (19–22).

In our study, we observed that

radicular resorption was greater both

in extension (surface) and in depth

(volume) when there was an antagonist

tooth, in both groups of periodontal

disease. Furthermore, the greater
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Fig. 2. Resorption in the middle third of the root of a premolar in group 2 shown in several

serial sections (1,3,6,9). (Magnification ·10). RA (reabsorbed area) = A1 + A2+ A3+ A4

/4 ; TA (total area); snr (sections number with resorption); in the example, snr = 9 ; RV

(reabsorbed volume) = RA X snr X 6 lm; sn (sections number) = 200 ± 20; TV (total

cementum volume) = TA (total area) X sn X 6 lm; %RV = RV / TV x 100.

p≤ 0.05, significantly different (t-test with Bonferroni´s correction) 
2, teeth with periodontal disease 2; 3, teeth with periodontal disease 3 
% RS, Percentage of surface reabsorbed 
° : 1.5 times higher than the values in the box 
* : 3 times higher than the values in the box   
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Fig. 3. Percentage of surface reabsorbed (%RS) according to the severity of periodontal

disease. p £ 0.05, significantly different (t-test with Bonferronís correction); 2, teeth with

periodontal disease 2; 3, teeth with periodontal disease 3; % RS, Percentage of surface

reabsorbed; � : 1.5 times higher than the values in the box; * : 3 times higher than the values in

the box.
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depth of resorption was significant

when both factors (the severity of the

disease and the presence of antago-

nists) combined. Although there are no

studies that analyse the influence of

occlusal contact on the resorption of

the radicular cement in teeth with

periodontal disease, there are numer-

ous studies regarding the effects of

masticatory forces on teeth.

In healthy teeth, the masticatory

forces from antagonist teeth stimulate

the process of remodelling of not only

the cementum but also the alveolar

bone (23), which is more susceptible to

resorption than radicular cementum. It

is known that the masticatory function

stimulates bone resorption (24), and

the absence of function stimulates bone

formation (1,7,25,26,27) and increases

the risk of dental ankylosis in

implanted teeth (25,28). Although

functional stimulation is necessary for

the maintainence of the tissues, masti-

cation can end up by producing

potentially traumatic tooth movements

for the periodontium (29).

In orthodontic treatments, the force

applied can cause resorption of the

alveolar bone in the areas of pressure

and reduce the amount of radicular

cement and the dentine (6,26,30,31).

Orthodontic movement of teeth acti-

vates inflammatory mediators involved

in the process of tissue resorption (32–

43). In healthy teeth, resorption is fol-

lowed by repair, and periodontal

health is maintained. By contrast, in

teeth with periodontal disease the

occlusal trauma increases the destruc-

tion of periodontal tissue (10,44–49).

In our study, we found that all the

teeth, especially those in contact with

an antagonist, were submitted to

excessive movements due to loss of

insertion. This means that even with a

normal chewing pattern, there is

greater displacement of the tooth in the

socket, with greater impact on the

periodontal ligament. Our results, in

agreement with previous studies

(5,17,50), showed that without consid-

ering the presence of antagonists, there

was greater radicular resorption in

teeth with group 3 periodontal disease

than in those of group 2. When we

compared teeth with and without

antagonists, we found that resorption

Table 1. Percentage of volume and surface area reabsorbed by the severity of periodontal

disease

n Mean SD p-value

%RS

Grade 2 30 0.796 0.5818 p = 0.036*

Grade 3 58 1.193 1.16548

%RV

Grade 2 30 0.0769 0.10091 p = 0.009*

Grade 3 58 0.2481 0.46435

Grade 2, teeth with periodontal disease grade 2; grade 3, teeth with periodontal disease

grade 3; %RS, percentage of surface reabsorbed; and %RV, percentage of volume reab-

sorbed.

*p £ 0.05, significantly different (T-Student).

p≤ 0.05, significantly different (t-test with Bonferroni´s correction) 
2, teeth with periodontal disease 2; 3, teeth with periodontal disease 3 
% RV, Percentage of volume reabsorbed 
° : 1.5 times higher than the values in the box 
* : 3 times higher than the values in the box   
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Fig. 4. Percentage of volume reabsorbed (%RV) according to the severity of periodontal

disease. p £ 0.05, significantly different (t-test with Bonferronís correction); 2, teeth with

periodontal disease 2; 3, teeth with periodontal disease 3; % RV, Percentage of volume

reabsorbed; � : 1.5 times higher than the values in the box; * : 3 times higher than the values in

the box.

p≤ 0.05, significantly different (t-test with Bonferroni´s correction)
A, teeth with antagonist; B, teeth without antagonist 
% RS, Percentage of surface reabsorbed 
° : 1.5 times higher than the values in the box 
*  : 3 times higher than the values in the box   
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Fig. 5. Percentage of area reabsorbed (%RS) by the presence or absence of antagonist. p £
0.05, significantly different (t-test with Bonferronís correction); A, teeth with antagonist; B,

teeth without antagonist; % RS, Percentage of surface reabsorbed; � : 1.5 times higher than

the values in the box; * : 3 times higher than the values in the box.
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increased when there was occlusal

contact. In teeth without an antago-

nist, there was no significant difference

between the two groups of periodontal

disease, whereas in teeth with an

antagonist the volume of reabsorbed

cementum was greater in teeth

belonging to group 3. The greatest

resorption, with a significantly differ-

ent value, was in teeth of group 3 with

an antagonist. Our results show that in

teeth with periodontal disease, occlusal

contact is an aggravating factor in

radicular resorption.

This finding is consistent with other

studies showing that excessive occlusal

forces may be a risk factor of peri-

odontal destruction (49), so subjects

with reduced periodontum have great-

er holding forces between opposing

incisors (51) and periodontal destruc-

tion is associated with increased biting

pressure (52). Antagonistic forces that

would not be excessive for a healthy

periodontum are harmful in a diseased

periodontum.

Clinical relevance

Teeth with and without antagonists

were extracted from patients with

periodontal disease and analysed to

assess the influence of occlusal contact

on the presence and severity of root

resorption. Contact with an antagonist

enhances root resorption in teeth with

periodontal disease. Our results sug-

gest that opposing forces in teeth with

attachment loss are an aggravation of

periodontal disease. This work helps to

confirm that during treatment of peri-

odontal disease it is necessary to avoid

or minimize the occlusal forces of

antagonists.
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